Abstract-A drug-like molecule could be considered as a congregation of small fragments which are chemically linked to each other and the biological effect of such molecule is due to the contribution of these small fragments working together. This molecular unit has been constructed gradually through a multi-step synthesis route. Assessment of the biological activity of all the intermediary compounds of a multi-step synthesis process helps to track down the emergence of biological activity alongside the synthesis process and the results provide valuable clues about the SAR of the compounds. Furthermore unanticipated findings may be encountered if such approach is exercised. A two-step synthesis route was employed to make a few 2-aminopyrimidines from their corresponding enamine precursors. Both aminopyrimidines and enamines were subjected to antiproliferative and antimicrobial tests. Hit compounds with acceptable activities were found in both aminopyrimidine and enamine series. With respect to antimicrobial activity, enamine series were found more promising. This experiment sets an example for the applicability of our new approach called "Synthesis route-based hit identification" as a tool in medicinal chemistry to increase the hit rate in drug discovery processes.
Introduction
Different methods of hit identification have been introduced to the field of lead discovery in medicinal chemistry during the past few decades such as combinatorial chemistry (High Throughput Screening, HTS), [1, 2] Virtual Screening (VS) [3, 4] and FragmentBased Drug Discovery (FBDD) [5] [6] [7] . On the other hand, computational and computer-aided tools have been well exploited in medicinal chemistry. The ultimate goal of all these methods is shortening the time and decreasing the cost of drug discovery process. Regardless of their biological effects, drug-like molecules could be considered as chemical entities which are synthesized through a synthetic route during which small pieces of chemicals undergo different reactions including condensation, functional group transformation, etc. At the end of synthesis process, a drug-like molecule is obtained which could be considered as a congregation of small pieces (fragments) which are linked together. The drug-like candidate such obtained, owes its biological effect to the contribution of groups which are now working together as a unit.
In conventional medicinal chemistry studies, new structures are studied using various tools such as computational chemistry and QSAR to determine the pharmacophores in the compounds and the results of these studies will help to design and find newer structures [8, 9] . In these types of studies no attention is paid to the route of synthesis which has been used to make the compound. From chemical point of view the total structure of drug-candidate has been formed and constructed step by step during the multiple steps of synthesis route. In the same way, from medicinal chemistry standpoint, the pharmacophore group(s) in a drug-candidate is emerged through the step by step transformation of the chemicals which have been used as the precursors of final drug candidate. Therefore if the assessment of biological activity is not exclusively dedicated to the final drug-like candidate and biological evaluation for each intermediate precursors are also implemented, the emergence of biological activity could be traced during the step by step chemical transformations through the synthesis route process. The result of this type of approach could help the process of hit identification and better understanding of structure activity studies and pharmacophore determination. The main objective of the present work was putting the above approach into examination, through the synthesis of a group of aminopyrimidine derivatives for their cytotoxic and antimicrobial activities. The idea is close to the rationale behind the fragment-based hit identification in which large molecules can be considered as the combination of two or more "Fragments" that contain all the features necessary for binding to the target protein.
Fragments and large molecules have to obey the same set of molecular recognition rules when they bind to a target protein. During a binding event both fragments and large molecules have to overcome an entropic barrier associated with the loss of rigid body entropy on binding to the target. This barrier has only a small dependence on molecular size. Fragments can afford the entropic cost of binding only by using a high proportion of their atoms to form interactions. Therefore, fragments are considered efficient binders (high binding energies per unit of molecular mass) [5, 10] . Optimization of a week-binding fragment into a potent lead molecule can usually be achieved by adding extra atoms onto the fragment core. In 2001, Hann et al, [11] used a simple model of ligand-receptor interactions to investigate the impact of molecular complexity on binding to protein and on the probability of identifying hits or leads. Hann's model suggested that large and complex molecules have a great probability of forming suboptimal or repulsive interactions with the receptor. By contrast, fragments have a lower chance of forming mismatches and as a consequence, hit rates from Fragment Screening (FS) are often higher and the hits identified are generally more ligand efficient. In the present study 2-aminopyrimidine nucleus was chosen as an attractive fragment to put the above approach into examination. Aminopyrimidine ring is part of the structure of many bioactive compounds (Fig. 1) . A group of nonclassical dihydrofolate reductase inhibitors contain 2-aminopyrimidine in their structure [12] . Imatinib and Nilotinib are newly developed aminopyrimidine derivatives which conduct much of their activity by preventing activation of thyrosine kinase through autophosphorylation resulting in target-specific inhibition of cell proliferation [13] . 2-aminopyrimidine ring is also found in many cytotoxic natural products. Meridianins are marine alkaloids isolated from the south Atlantic tunicate Aplidium meridianum. Meridinanins A-G were successfully evaluated for their ability to inhibit various protein kinases and to display antitumor activity [14] . Variolin B is another marine alkaloid with aminopyrimidine ring and antiproliferative effect [15] . 2-aminopyrimidine containing compounds have also been the subject of a few recently published patent applications regarding potent HSP-90 [16] and kinase inhibitors [17] . A two step synthesis process was used for the preparation of a few 2-aminopyrimidine derivatives: A group of methylketones are converted to their corresponding enamines in the first step and the final aminopyrimidines are obtained by cyclization of the enamines in the second step. The aminopyrimidine derivatives and their corresponding enamine intermediates thus obtained, were all subjected to clonogenic cytotoxicity test against HepG2 cell line as well as antimicrobial tests against a group of selected bacteria and fungi.
Chemistry
The synthetic strategy to synthesize the 2-aminopyrimidines (3a-h) is depicted in scheme.1. Methylketones (1a-h) were allowed to react with dimethylforamide-dimethylacetate (DMF-DMA) to produce 3-(dimethylamino)-1-aryl-2-en-1-ones (2a-h) [18] . The key intermediates could be further condensed with guanidine hydrochloride to form the corresponding aminopyrimidine ring system (3a-h) [18] Structure confirmation of the synthesized intermediates and the final products was performed using IR, NMR, and Mass spectrometry.
Results and Discussion
The antiproliferative activities of enamines( 2a-h) and their corresponding aminopyrimidines (3a-h) against five human cell lines were evaluated through a clonogenic assay procedure. Doxorubicin was used as a reference to evaluate the potency of the tested compounds. Seven different concentrations of each compound were used in the screening and the IC50 values were determined. The results are given in Table 1 . In another attempt, the enamines (2a-h) and aminopyrimidines (3a-h) were tested for their antimicrobial and antifungal activities against a selected group of pathogenic bacteria as well as Candida albicans. The results are presented in Table 2 . A few major points are apparent when antiproliferative activities of enamines are compared with those of the corresponding aminopyrimidines: First, compounds with antiproliferative activity are found in both enamines and aminopyrimidines series. Second, the order of antiproliferative activities is different for the two series. The order of activities for enamine series is 2b> 2c> 2d> 2g> 2h> 2e> 2a> 2f and the order of activities for aminopyrimidines series is 3d> 3e> 3c> 3b> 3a> 3f> 3g> 3h. Third, the antiproliferative activity of some of the enamine derivatives is comparable with the activity of some aminopyrimidines. Forth, for half of the compounds (a, d, e, f), the aminopyrimidines are more potent than the corresponding enamine reactant while for the other half (b, c, g, h), enamines are more potent than corresponding aminopyrimidines. Different orders of antiproliferative activity for the two series are likely due to the different mechanisms of Bioinfo Publications action and/ or different interaction of these compounds with their biological targets. Global physicochemical molecular parameters such as CLogP, refractivity, polarizability, molecular volume, and surface area for the compounds in both enamines and aminopyrimidines series were calculated and the results are presented in Table 3 . Despite the fact that the order of physicochemical molecular properties for enamine series is the same as that of aminopyrimidines, the difference in the order of antiproliferative activity for the two series reemphasizes the difference between these two groups of compounds in their modes of action. In light of the above mentioned findings, active enamines and active aminopyrimidines could be both considered as promising fragments and they would be proper subjects to be used in fragment based drug discovery approaches. If the biological assays had been solely limited to target aminopyrimidine derivatives, active enamine fragments would have not been distinguished. Evaluation of antibacterial and antifungal activities of both enamines and aminopyrimidines series, reveals another scenario: as it is apparent from Table 2 , none of the 2-aminopyrimidines 3a-h shows significant antibacterial/ antifungal activity but compounds 2c and 2f among the enamine series exhibit fair activities which could qualify them as antimicrobial fragment candidates. This is another evidence which supports the idea of synthesis route-based hit identification approach suggested in this article. In general fragment-based hit identification strategy has the advantage of making the process of hit identification more cost-effective and more efficient compared to the conventional high throughput screening (HTS) approach. Figure 2 shows the comparison between fragment-based hit identification and HTS approaches as it is depicted by Erlanson et al [19] . Synthesis route-based hit identification could be regarded as a complementary mean along with fragment-based approach. Figure 3 is a simplified illustration of the principle of this approach which is reproduced based on the figures suggested by Erlanson et al. In a multi-step synthesis process, the starting reactants are gradually transformed to intermediates and intermediates are converted to the final target compounds. Pharmacophore group is also formed gradually during these structural transformations. Therefore biological evaluation of each components of a multi-step synthesis process could help to map out the biologically active moieties (fragments) in the intermediary and/ or final structures. Higher hit rate could be expected in a synthesis route-based hit identification if more diverse bioassays are conducted for biological evaluation of intermediates and final compounds in a multi-step synthesis process. The weak absolute potency of fragments may be challenging in conventional bioassay tests but the recently approved biophysical screening methods such as NMR and crystallography could be priceless tools to overcome these problems.
Conclusion
The exponential growth of attractive novel molecular targets for potential drug therapy calls for more efficient and rapid hit identification methods in the process of drug discovery. Automated methods of compound synthesis and biological evaluation, high throughput screening (HTS), virtual screening and fragment-based strategies have been introduced to fulfill this need. The ever-growing cost of drug discovery processes from one hand and rising environmental concerns about the danger of production of chemicals by humans from the other hand, call for more efficient and environmentally acceptable strategies in medicinal chemistry. "Synthesis route-based hit/pharmacophore identification" is a trouble-free and easy-to-implement method which could be considered as complementary tool in fragmentbased drug discovery. In view of the fact that in this approach all the intermediate chemicals as well as the final compounds in a multi-step synthesis route are subjected to biological evaluation, higher hit rate will be expected at lower cost. When a group of compounds are considered for synthesis in medicinal chemistry, the intermediary reactants are often biologically ignored and no attention is paid to their biological activity. Synthesis route-based hit identification strategy may help to avoid this negligence to some extent and therefore it could be considered as a recycling tool along with all synthesis efforts in medicinal chemistry.
Experimental General
All evaporations were carried out in vacuo with a rotary evaporator. Melting points (ºC) were determined by capillary method on an Electrothermal melting point apparatus. Infrared spectra were recorded as thin films on KBr plates with υmax in inverse centimeters. Nuclear Magnetic Resonance spectra for proton ( 1 H NMR) were recorded on a Bruker DRX-Avance (500 MHz) spectrometer. Chemical shift values are expressed in ppm (parts per million) relative to Tetramethylsilane (TMS) as internal standard; s=singlet, d=doublet, dd=double doublet, t=triplet, q=quartet, m=multiplet, br s=broad singlet. Thin layer chromatography (TLC) was performed on Whatman Sil G/UV254 silica gel plates with fluorescent indicator, and the spots were visualized under 254 and 366 nm illumination. Mass analyses were performed with an Agilent 6400 Series equipped with an electrospray ionization source (capillary voltage at 4000V, nebulizing gas temperature at 300 ºC, nebulizing gas flow at 12 L/min ). All the compounds were analyzed for C, H, N, and S on a Costech model 4010 and agreed with the proposed structures within ±0.4% of the theoretical values.
Representative procedure for the preparation of (2a-h) [18] To a solution of acetophenone (84 mmol) in DMF (16ml), was added DMF-DMA (84 mmol) and the solution was heated under reflux for 24 h. Brine (25 ml) was added to the reaction mixture after cooling and the mixture was International Journal of Drug Discovery ISSN: 0975-4423 & E-ISSN: 0975-914X, Vol. 3, Issue 2, 2011 then extracted with CH2Cl2 (3×25 ml). The combined organic fractions were dried over anhydrous Na2SO4 and the solvent was evaporated under reduced pressure. The residue was dissolved in EtOAc (12 ml), followed by addition of n-hexane (100 ml). The precipitate thus obtained was filtered and dried to give the pure product 2a as a yellow solid (89%). -1-(phenyl)prop-2-en-1-one (2a -1-(pyridin-4-yl)prop-2-en-1-one (2f Representative procedure for the preparation of (3a-h) [ 
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To a solution of compound (2a) (2.68 mmol) in isopropanol (13.5 ml) were added sodium methoxide (10.7 mmol) and guanidine hydrochloride (4.02 mmol) and the solution was heated under reflux for 48 h. Distilled water (25 ml) was added to the reaction mixture after cooling and the mixture was then extracted with EtOAc (3×15 ml). The combined organic fractions were dried over anhydrous Na2SO4 and the solvent was evaporated under reduced pressure. The residue was dissolved in EtOAc (2 ml), followed by addition of n-
Clonogenic assay
Five cell lines consisting of HepG2 (human hepatocellular liver carcinoma) , M1 (human fibroblast), MCF7 (human breast adenocarcinoma), SKHep1 (human liver adenocarcinoma), and Hela (human cervical carcinoma) which had been verified to be negative for Micoplasma contamination were used in this experiment. To apply the method of clonogenic assay [20] , cells were plated in 6-well plates (200 cells/ well) for 24 h before treatment with the test compounds to allow attachment of the cells to wells. Seven different concentrations of each compound, doxorubicin (as reference), and DMSO 0.5% (applied solvent to dissolve the compound) were then added to the monolayer cells in triplicates. The plates were incubated for 10 days at 37 ºC in atmosphere of 5% CO2. The media were removed after 10 days and the formed colonies were stained with a solution of 0.5% crystal violet in ethanol for 10 minutes and the number of colonies containing more than 50 cells was counted under microscope. The relation between the number of the colonies (as a percentage of the control containing DMSO 0.5%) and the concentrations of each compound were plotted to get survival curve of the cell lines and IC50 values were calculated.
Antimicrobial test
The antimicrobial assay was performed in tryptone beef extract agar, at pH 7.2, with an inoculum of 1-2 × 10 5 cells/mL. The antimicrobial activity of the test compounds was determined using the agar well diffusion method following a published procedure with slight modifications International Journal of Drug Discovery ISSN: 0975-4423 & E-ISSN: 0975-914X, Vol. 3, Issue 2, 2011 [21, 22] . Culture medium was thus inoculated with the given microorganism by spreading the bacterial inoculums in the media. Wells (7 mm diameter) were punched in the agar and filled with the test compounds with different concentrations. Control wells, containing neat DMSO (negative control) and standard antibiotic amikasin sulfate (50 mg/mL) for the tested bacteria, were also run parallel in the same plate. Bacteria were incubated at 37 ºC for 24 h. Antimicrobial activity was assessed by measuring the diameter of the zone of inhibition for the respective compound. The minimum inhibitory concentration (MIC) was tested by broth macrodilution methods [23] . Briefly, serial 2-fold dilutions of the test compounds were prepared in DMSO, and 30 µL of each dilution was added to 3 mL of the above medium with the same inoculums of 1-2 × 10 5 cells/mL and under the same culture conditions. After the cultures were incubated at 37 ºC for 24 h, MIC was determined as the lowest concentration of the test compound that demonstrated no visible growth.
Antifungal test
The antifungal assay was performed in Sabouraud dextrose broth. The minimal inhibitory concentration (MIC) was determined by the broth microdilution method according to the Clinical and Laboratory Standards Institute (CLSI) [24, 25] . Bioinfo Publications 
